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There has been considerable interest in the
tissue culture of human epidermis and skin,
first from a methodologic approach (1, 2, 3),
and then as an experimental tool in studying
basic processes as keratinization (4) and in
following the growth and multiplication of
viruses (5). The purpose of the present in-
vestigation was to develop methods for the suc-
cessful cultivation of epithelium from psoriatic
skin which would allow for continued observa-
tion by phase-contrast, time-lapse cinematog-
raphy, and comparison of pattern of growth
with normal and uninvolved adult skin; and
also to test the influence of dermis and blood
elements from diseased patients. A preliminary
report of this work was presented recently (6).
MATERIALS AND METHODS
1. Source of Material
Twenty-one patients with active widespread
psoriasis, average duration 25 years, contributed
fasting blood and skin. There were fourteen males
and seven females, average age about 55 years.
The diagnosis of psoriasis was confirmed by biopsy
in each case. For at least six weeks prior to the
surgical procedure, none of the patients had re-
ceived any systemic therapy for psoriasis and
either no local therapy, or bland tar baths only.
The waist buttock area was used for skin speci-
mens in all cases of psoriasis. Skin was taken after
a soap and water scrub of the area, and with sterile
surgical technique.
Eight patients were chosen as normal controls
and contributed fasting blood and skin, but from
varied sites. Fasting blood was drawn prior to
geaeral anesthesia, if this was used. There were
Supported by a grant from the Kaiser Founda-
tion Hospitals and U.S.P.H.S. Research Grants
NB-03113-06 from the National Institute of Neuro-
logical Diseases and Blindness and CA-07991-02
from the National Cancer Institute.
Accepted for pubhcation November 13, 1967.
* From the Department of Dermatology, South-
ern California Permanente Medical Group, 1505
No. Edgemont, Los Angeles, California 90027t;
the University of Southern California, Los An-
gelest; and the Pasadena Foundation for Me di-
cal Research, Pasadena, California 9l101t.
four males and four females, average age about 50
years. One was a patient with an isolated patch of
lichen simplex chronicus who donated uninvolved
skin. Another had widespread neurodermatitis but
with large areas of uninvolved skin from which
our specimens were taken. The other six were pa-
tients from our surgical service, undergoing sur-
gery, and with no known skin disease. The skin
was placed in a nutrient solution (to be described),
and expedited on ice to the laboratory. Explanta-
tion was done usually within a few hours after
excision.
2. Experimental Methods
Of the several organ culture methods, which
are suitable for skin, we found the Rose multi-
purpose chamber to offer considerable advantage
as a culture vessel. This chamber has been utilized
in recent years by our group in the growth of pri-
mary cultures of nervous tissues (7) and human
tumors (5, 9). It proved useful in the present
studies and provided an optically ideal system for
the evaluation of epithelial outgrowth with the
aid of still phase photography and standard time-
lapse cinematography employed in this laboratory(10). The usc of cellophane membranes in the
chambers made it possible to attain flat cpithclial
outgrowth. These strips of dialysis membranes
were sterilized with alcohol and then equilibrated
against standard nutrient medium. Three skin ex-
plants each about 1 mm square, were spread out
on a covcrslip surface, then overlaid with a piece
of nutrient moistened cellophane, and the chamber
was closed with the regular assembly procedure.
Thin, split thickness skin obtained from the six
surgical cases was grown in clotted chicken plasma
and embryonic extract in Carrel flasks. This al-
lowed good visual observation and was suitable
for tracing of projected enlargements of the ex-
plants and outgrowths with calibrated optics. These
tracings permitted planimetry measurements of
the actual areas of explants and outgrowths. Six
explants were placed in each Carrel flask. All Rose
chambers were kept in a CO2 incubator (95%
ambient air + 5% of CO2) with the temperature at
37°C during the cultivation period. Each explant
was observed periodically with the aid of a phase-
contrast microscope at least every 2—3 days during
the culture period of several weeks. Some prepara-
tions were fixed and stained by the May-Grunwald-
Giemsa technique. Others were stained for keratin
and melanin with the Masson-Fontana stain (11).
Experiments were run with NCTC 109 and 40
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per cent fetal calf serum, and with NCTC 109
with 40 per cent autologous serum. Most experi-
ments had explants with dermis approximately
equal to epidermis in thickness—thin split, thick-
ness explants. In some experiments the dermis
was about twice as thick. Some experiments con-
tained autologous homogenized red cells or
autologous homogenized white cells about 100
cells per chamber added to the NCTC 109 and
40 per cent fetal calf serum medium. In others,
autologous whole RBC and whole WBC 10°
cells/cbamber were added to the fetal calf
also contained phytohemagglutinin 02 cc/cc of
medium. Some runs were done at 30°C incubation,
others at 34°C, but all other runs were at 37°C.
The nutrient solutions used for these experi-
ments consisted of Eagle's Basal Medium or
NCTC 109 medium, each supplemented with
penicillin and streptomycin plus inactivated fetal
calf serum or autologous human serum. Although
Eagle's medium gave good results in two of the
first cases, later studies indicated that the better
growth medium was NCTC 109 supplemented
with 40 per cent fetal calf serum. Tritiated thymi-
dine was added to skin cultures for 1 and 6 hour
periods (1 jtc/ml, thymidine-methyl H3 lot 108-
55-1A-114 NENC) and followed with the usual
autoradiography (AR 10) stripping film technique
to reveal DNA synthesis in cultured cells.
3. Experimental Design
Figure 1 shows the sheet-like epithelial out-
growth that we obtained from our explants. Here
the area of outgrowth is approximately 150 per
cent of the area of the explant. Such luxuriant out-
growth was rare. In addition, the amount of out-
growth varied from explant to explant within the
same Rose chamber or Carrel flask. Table I shows
actual planimetry measurements expressed as per
cent of original explants (which shrank consider-
ably during the experiment), at four days. Obser-
vations were made also at 8 days, but at this time
there were a significant number of outgrowths that
bad collapsed to essentially no area. Thus, quanti-
tation was based on the 4 day observations.
There was considerable variation from piece to
piece in the same flask. However, the average for
the 24 pieces was about 20 per cent outgrowth.
Statistical analysis gave the standard deviation
for individual observations as a factor about 22.
To determine what change would be significant in
comparing two groups with this standard devia-
tion, the equation
x1 - x2
Loge
2.2/I/I +
= 2
can be used. Here X1 —X2 is the significant change
between two gruups with N1 and N3 pieces in each
group respectively. With N1 and N2 both equal to
nine, this solves for a factor about 2, or about 100
Flask no.
Piece no.
—__
1 2 3 4 5 6
1 23.5 20.6 9.8 12.6 9.7 20.9
2 27.9 8.5 14.4 17.6 6.3 2.4
3 25.8 19.9 12.0 5.2 1.5 64.7
4 23.4 8.4 15.6 33.8 20.0 20.8
Outgrowth from split thickness normal skin
explants in NCTC 109 medium with 40 per cent
fetal calf serum, expressed as percentages, area
outgrowth per area explant at start, measured for
each explant (about 3.5 sq. mm) at four days.
per cent. With N and N2 equal to eighteen each,
this solves for a factor 1.7 (about 70 per cent).
Therefore, we decided that in Rose chambers
we would use 3 pieces per chamber and 3 cham-
bers per experiment for a total of 9 pieces. In
Carrel flasks there was room for 6 pieces per flask
and we used 3 flasks per experiment for a total of
eighteen pieces. One run showed similar results
with experiments in Rose chambers and in Carrel
flasks.
The average of the 4 flasks in Table I was about
20 per cent outgrowth. We found that by obser-
vation alone we could differentiate less than 15
per cent growth from the range 15 to 30 per cent
growth, and greater than 30 per ccnt growth from
the rest. These numbers are approximately con-
sistent with the factor 2 or 100 per cent change
computed as above.
A run consisted of material from one patient
and within each run we set up various experi-
ments. Each experiment consisted of three cham-
bers, with three explants per chamber for Rose
chambers and six explants per chamber for Carrel
flasks. The results were cstimated as described
above, with zero meaning no outgrowth, poor less
than 15 per cent outgrowth, good 15 to 30 per cent
outgrowth, and excellent greater than 30 per cent
outgrowth. In line with the statistical considera-
tions that preceded, this classification had semi-
quantitative significance.
The patient with a single patch of lichen rim-
plex chronicus donated uninvolved skin and blood.
Seven patients with psoriasis, dnnated skin and
blood on two occasions several months apart. We
found a significant difference between patients in
the ability to produce outgrowth and this differ-
ence was consistent. Those who performed poorly
the first time did so again the next time. Those
that grew well did so repeatedly. In each run we
included one experiment as a control, uninvolved
skin or normal skin, grown in NCTC 109 and 40
per cent fetal calf serum to help in evaluation of
the other experiments.
TABLE I
Planography measurements
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RESULTS
A. Epidermal Outgrowth
Graph I summarizes the results obtained in
28 runs from 21 patients with psoriasis, and
ten runs from eight patients without systemic
skin disease. NCTC 109 with 40 per cent calf
serum was used throughout.
Normal skin and uninvolved skin of psoriatics
produced epithelial outgrowth in a generally
similar manner with consideration for the
smaller number of runs with normal skin.
Psoriatic skin did not produce outgrowth as
frequently or as much. In no run did psoriatic
skin produce more than the control experiment
in that run.
However, wherever definite epithelial out-
growth did occur, it was qualitatively the same.
100I.
It consisted of coherent, sheet-like epithelium
free of any apparent dermal elements but at-
tached to the split thickness skin explant (Fig.
1).
The marginal epithelial border displayed a
characteristic ruffled margin of large coherent
cells. This outgrowth started at about 2 days
and the proliferating epithelial cells stayed
viable without simultaneous presence of fibro-
blasts or other cell types for about 10 days. As
described before, the outgrowth at 4 days was
best suited for attempts at quantitative ob-
servation. After about 10 days, collapse of the
outgrowth was heralded by increased granular-
ity and condensation of the cells closest to the
explant. The periexplant area then stained
strongly for keratin with the Masson-Fontana
stain. Shortly afterward the entire outgrowth
GRAPH - EPIDERMAL OUTGROWTH
NORMAL
0 UNINVOLVED
PSO R IA SI S
90%
80%
70%
U,
60%
uJ
'U
50%
0
F—L0
40%
1
30%
20%
10%
0
EXCELLENT GOOD POOR NONE
GRAPH I. 28 experiments with uninvolved and involved skin of psoriatics and 10 experi-
ments with normal skin. NCTC 109 with 40 per cent fetal calf serum medium. Results
are expressed as per cent of total experiments in each instance.
J
PHASE-CONTRAST TIME-LAPSE CINEMATOGRAPHY 393
Fm. 1. Six-day culture of uninvolved skin grown in NCTC 109 and 40 per cent fetal
calf serum. Uniform epithelial outgrowth around the entire explant is demonstrated in liv-
ing preparation by phase microscopy. Halated area adjacent to explant consists of several
layers of cells. Photo montage is composed of 16 separate photomicrographs.
collapsed. This phenomenon was particularly
well documented by time-lapse cinematography
(Figs. 2—5). Psoriatic outgrowth was similar
(Figs. 6—8). The sheet-like epithelial growths
consisted of actively dividing cells, as shown by
mitotic figures (Fig. 9), and interphase cells in
the prcccss of DNA synthesis according to
tritiated thymidine autoradiography (Fig. 10).
Time-lapse cinematography was employed for
continuous periods of several days to study
these outgrowths. There was no indication from
these comparative studies nor from observa-
tions on the frequency of mitoses or H3 thy-
midinc uptake that epithelial outgrowth from
psoriatic epithelium differed in rate, amount, or
morphology, from outgrowth of uninvolved
skin of psoriatics or skin from persons without
systemic skin disease.
4...
-U
SaE
Fios. 2 TO 5. Selected film frames from a 16 mm phase-contrast time-lapse cinemato-
graphic sequence over a 38-hour span shows changes in epithelial cells during the process of
keratinization. Explant is at lower left. Four-day culture of uninvolved skin grown in NCTC
109 and 10 per cent fetal calf serum. Figure 2 reveals the initial outgrowth to consist of a
sheet of epithelial cells. The same field after 12 hours (Fig. 3) demonstrates further epi-
thelial development. An early phase of keratinization at 25 hours 20 minutes is shown in
Figure 4. Complete keratinization is illustrated in Figure 5. Note the partial collapse of
cells and loss of cellular details which always signals final keratinization.
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Fics. 6 TO 8. Phase-contrast photomicrographs of living skin cultures demonstrate simi-
larities in epithelial outgrowth and morphology of normal skin (Fig. 6), uninvolved skin
from a psoriasis patient (Fig. 7), and involved skin from the same patient (Fig. 8). In each
case, the original skin explant is at lower left. All tissues were grown 4 to 5 days in vitro.
Fics. 9—il. Fig. 9 is a stained preparation (May-Grunwald-Giemsa) of cultured skin in
which two mitotic figures are shown at arrows. DNA synthesis is demonstrated by selective
incorporation of tritiated thymidine into nuclei of cultured uninvolved epithelial cells(Fig. 10, 1 c/ml for one hour) and in similar cells from the same patient treated with 40
per cent autologous human serum (Fig. 11, 1 tic/mI for six hours).
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Normal or psoriatie explants that did not
produce sheet-like epithelial proliferation, or
only a minimal amount of such outgrowth, fre-
quently gave rise to elongated, non-coherent
elements (Figs. 14 and 15). These elements
were never observed in the presence of sheet-
like epithelial outgrowths. The spindle-shaped
cells displayed more cytoplasm in relation to
their nuclei for them to be considered as typi-
cal fibroblasts. Their cytoplasm was often re-
plete with fine granules which failed to stain
for melanin. Further, they frequently exhibited
long tenuous eytoplasmie processes reminiscent
of Sehwann cells. However, they did not show
pulsations which are characteristic of Sehwann
cells when followed by time-lapse filming.
B. Effect of Cellular Blood Elements
Four experiments using disrupted autologous
red cells and four with disrupted autologous
white cells (in NCTC 109 with 40 per cent
fetal calf serum medium) were done with both
involved and uninvolved psoriatie skin. The
disrupted red cells caused a significant decrease
in outgrowth wherever used. The disrupted
white cells also decreased outgrowth in three of
the experiments and caused no change in one of
them.
Four more runs from other psoriaties con-
tained experiments with autologous whole RBC
and autologous whole WBC and autologous
whole WBC with phytohemagglutinin, with
both psoriatie and uninvolved skin. Here, there
was essentially no change in the outgrowth but
some showed decrease.
In none of these eight runs did the intact
blood cells cause significantly increased growth of
either psoriatie or uninvolved skin.
C. Effect of Thickness of Dermis
Four experiments in four runs from patients
with psoriasis were done where the dermis was
about twice as thick as the usual (equal to
epidermis) thickness.
No significant change was noted in outgrowth
from either uninvolved or psoriatie epidermis.
D. Effect of Lower Incubation Temperature
Two experiments from psoriaties were run,
one at 34° C and one at 37°C with NCTC 109
and 40 per cent fetal calf serum medium. No
significant change was noted in either unin-
volved or psoriatie skin outgrowth pattern. At
the lower temperature the outgrowth seemed a
little slower in all experiments.
E. Effect of Autologous Serum
Nineteen experiments were run with unin-
volved and twenty with involved psoriatie skin
to test the effect of 40 per cent autologous
serum added to NCTC 109 medium, as com-
pared to fetal calf serum, also added in 40 per
cent concentration. Ten experiments in eight
runs from patients with normal skin (as before)
were also done this way to observe the effect of
autologous serum. Results are shown in Graph
II.
Autologous serum both increased and de-
creased epithelial outgrowth in uninvolved and
involved psoriatie skin, relative to fetal calf
serum medium. With the smaller number of
experiments of autologous serum and normal
skin, only decreased outgrowth was found.
Autologous serum reacted in a parallel fashion
within the same run for uninvolved and in-
volved psoriatie skin in all runs.
Three runs were repeats from patients with
psoriasis some months after the original runs.
One patient showed markedly decreased out-
growth with autologous serum on both occa-
sions. One showed a marked decrease the first
time and no change the second time. The final
one showed no change the first time and a
marked decrease the second time. One run of
Fins. 12 TO 15. Phase-contrast photomierographs of nine-day skin cultures which reveal
unusual differences in cellular growth patterns and morphology. Figure 12 is a specimen of
uninvolved skin grown in Eagle's medium plus 10 per cent fetal calf serum which shows
active healthy epithelial outgrowth. Uninvolved skin from the same patient but grown in
Eagle's medium plus 10 per cent autologous human serum gives rise to altered cpithclial
cells (Fig. 13). Note diseontinuitics in the epithelial sheet and separation of cells into
rounded halated elements. In the absence of epithelial outgrowth, skin explants occasionally
give rise to noneoherent elongated cells, of possible dermal origin, directly from the ex-
plant (Fig. 14, psoriatie skin). Arrow directs attention to one of these bizarre elements. A
high-power magnification of this cell is displayed in Fig. 15. The cytoplasm is filled with fine
granules. Thin tenuous eytoplasmie extensions in several cells give rise to fine attachment
fibers.
rGRAPH II - EFFECT OF AUTOLOGOUS SERUM
NORMAL
C UNINVOLVED
PSORIASIS
INCREASED NO SIGNIFICANT MARKED
GROWTH CHANGE DECREASE DECREASE
GRAPH II. Nineteen experiments uninvolved skin; twenty experiments psoriatic patch
skin; 10 experiments normal skin. Results listed as per cent of experiments done under
headings: Increased growth; No change; Significant decrease (excellent to good; good to
poor; poor to none) and Marked decreasa (excellent to poor or to none; good to none).
Change listed is that observed comparing 40 per cent autologous serum with NCTC 109
medium to 40 per cent fetal calf serum with NCTC 109; one experiment each in the same
run.
* In half of this number of experiments, the no change was no growth to no growth, a
situation difficult to evaluate with psoriatic explants which frequently did not produce out-
growth.
normal skin from the patient with a patch of
lichen simplex chronicus was a repeat after a
time interval of many months. Here, the change
was a decreased outgrowth with autologous
serum on each occasion.
Apparently, the outgrowth decreasing factor
in the serum varied from time to time in two
of three of the psoriatie patients tested hut not
in the one non-psoriatie, at least at the time of
the test.
In four of the experiments, contained in four
runs from psoriaties, the autologous serum
brought about alterations in the epithelial out-
growth pattern from non-involved skin (Figs.
12 and 13). These sera proved non-toxic to a
human conjunetiva cell line, and to the CMP
malignant human cell line. The normally con-
fluent sheet of cells developed areas of dis-
continuities with subsequent detachment of
cells at the margin. These separated epitbelial
cells rounded up and displayed prominent
central refraetile areas under phase optics, un-
doubtedly as a result of increased cell thick-
ening. Residual epithelial cells in the treated
398 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
1007,
907.
so.'.
707.
607.
'U
507.
-J
'CF-CI-
407.
307.
207,
107.
0
*
PHASE-CONTRAST TIME-LAPSE CINEMATOGRAPHY 399
explant were still capable of synthesizing DNA,
according to autoradiography results (Fig. 11).
F. Plasma and Heat Inactivated Serum
In five of the runs experiments with autolo-
gous, heparinized plasma and autologous, heat
inactivated serum were included. There was no
significant change from the raw serum experi-
ments done concurrently. The epidermal out-
growth influencing factor was the same in
plasma as in serum and was not altered by
heat inactivation.
DI5CU55ION
The present report documents outgrowth of
epidermal sheets from psoriatic skin explants
in Rose chambers and Carrel flasks. The Rose
chambers permitted optimal phase-contrast ob-
servation of proliferating, involved and unin-
volved psoriatic and normal epidermis.
In general, cpidermal outgrowth from psori-
atic explants was significantly less, and not as
frequent, as from uninvolved psoriatic or nor-
mal skin. Significance with this experimental
model was a factor of about two or 100 per
cent. However, epidermal proliferation of psori-
asis in vivo is accelerated by more than factor
2 (12). Uninvolved skin of psoriatics and nor-
mal skin seemed to react in the same way,
with consideration for the smaller number of
runs with normal skin. This is of interest also
in view of Lagerholm's report suggesting ac-
celerated epidermal proliferation of psoriatic
epidermis in vitro (13).
Where growth did occur from psoriatic skin,
it did not differ in growth pattern, epithelial
morphology, or mitoses observed by staining
and by H3-thymidine labeling. These results
tend to support the thesis that the etiology of
psoriasis is not related to a genetically defective
epidermis, a conclusion supported by chromo-
some studies of fibroblasts cultured from psori-
atic skin (14) and by enzyme studies on
psoriatic skin (15).
However, a hereditary factor in psoriasis is
generally accepted (16). There may be a sec-
ondary genetic predisposition in the epidermis
(17) but most likely the primary genetic defect
is mediated at a site distant from the epidermis.
Addition of disrupted, autologous red and
white cells to the culture medium significantly
decreased cpithelial sheet outgrowth. Whole
red cells, and whole white cells alone or with
phytohemagglutinin, usually caused no signifi-
cant change. Increased thickness of dermis also
caused no significant change (significance here
is a factor 2 or 100 per cent). These findings
arc of interest relative to the work of Lindcr
and Skog in autologous skin grafting in psori-
asis (18).
The experiments with autologous serum point
to a serum factor related to outgrowth of cpi-
thelial cells from split thickness explants of
normal and psoriatic skin. Autologous serum
both increased and decreased outgrowth in
uninvolved and involved psoriatic skin and this
effect varied on two different occasions in two
patients with psoriasis. In the smaller number
(eight) of patients without systemic skin dis-
ease, autologous serum showed only an inhibi-
tory effect. Heparinization and beat deactiva-
tion did not affect this action of autologous
serum. Also, psoriatic serum added to the med-
ium caused alterations in epitbelial outgrowth
pattern from non-involved skin in four experi-
ments from psoriatics. These scra were found
non-toxic to normal and malignant human cell
lines.
Any factor concerned with control of epi-
thclial proliferation is of interest in psoriasis.
These findings are being explored further. It
has been reported that autologous serum sup-
presses cpithclial cell growth on the one band
nnd, conversely, that it stimulates epithelial
outgrowth (21).
The suggestion that Schwannian elements
provide the trigger for accelerated cpitbclial
growth in psoriasis should also be mentioned
(22).
sUMMARY
Viable, sheet-like epithelial outgrowth and
proliferation, apparently free of dcrmal ele-
ments, hut attached to the split thickness skin
explant from which the outgrowth originated,
has been produced from normal, uninvolved
and involved psoriatic epidermis. The Rose
chambers used were well suited for optical
study.
Uninvolved, psoriatic and normal skin pro-
duced outgrowth not significantly different in
our semi-quantitative method. A significant dif-
ference here was a factor 2 or 100 per cent,
which is decidedly smaller than the increased
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proliferation of psoriatic epidermis in vivo.
Psoriatic skin produced outgrowth less fre-
quently and less extensively. The outgrowth
from psoriatic skin did not differ from that
from uninvolved psoriatic or normal skin in
growth pattern, epithelial morphology, or mi-
toses observed by staining and by H3-thymidine
labeling or by time-lapse cinematography ob-
servation.
In a few eases where little or no outgrowth
of epithelial sheets developed, unusual elongated,
individual cells of possible dermal origin emi-
grated from the explant.
Increased dermal thickness of the explant,
addition of autologous, whole red cells and
whole white cells, and incubation at lower
temperatures did not produce accelerated pro-
liferation of epidermal cells from psoriaties. Dis-
rupted, autologous red cells and white cells de-
creased epithelial outgrowth.
Autologous serum from psoriaties caused
peculiar epithelial cell alterations in several
outgrowths from uninvolved skin of psoriaties.
Also, some evidence is presented concerning a
factor in psoriatie serum that could increase
and decrease epithelial outgrowth and a factor
in normal serum that decreased epithelial out-
growth in our experimental system. Heparini-
zation and heat inactivation, did not influence
the serum factor. This is being explored further.
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